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uently we should expect to find a cyclonic circulation in %B level in which the replacement is taking lace. The 

,being made up overhead, but it can not prevent the cold 
air from flowing downhill unless the reduction of pressure 
is enough to reduce the densit by as much as the low 
temperature increases it, and tLs is a difficult task, for 
near sea level it takes more than 3 millibars loss of 
pressure to make up for a sin le degree loss of temperature. 

the land areas w o u v  result in the superposition of a 
cyclonic distribution a t  high level over them, and the 
continental lobes of Teisserenc de Bort’s isobars for the 
up er air may well he due to this cause. 

g u t  the cause is obviously a very variable one, depend- 
ing upon the distribution of cloud and other circuni- 
stances. Statistically, its effect upon the circulation of 
the up er air is to esaggerate the pressure gradient for 
wester P y winds over the Tern erate Zones of the conti- 
nents, and to diminish the gra ien t  northward. Thereby 
we introduce into the circulation local accentuation of 
current, which must be disposed of by some dynaniical 
process. 

The next step in the consideration rests upon the fact 
that b super osing a cyclonic depression upon the cir- 

to the southward and reduce the northern part. Taking 
the case of Teisserenc de Bort’s map for January, the 
westerly run of isobars over America and Asia is about 
10’ to 20’ of latitude lower than over the oceans, and 
these two positions of westerly circulation have to be 
connected by isobars which cross the parallels of latitude, 
and therefore have a south-to-north and a north-to-south 
component respectively. Therefore, they can only be 
maintained persistently under the conditions set out in 
Pro osition 1. Now, it has been shown in the discussion 
of &position 1 that ernianence of a quasi-steady chnr- 

having a south-to-north current on its western side, and 
vice versa, provided that nionientum was being taken out 
of the westerly circulation in order to provide a slight east- 
ward deviation from the isobars setting to the north. 
Such a case would be fairly represented by the deviation 
from circular isobars shown over the oceans on Teisserenc 
de Bort’s map for January, and hence the form of those 
isobars may be arrived at by the influence of a steady flow- 
off of air down the land slope of the Arctic regions and the 
steady deviation of the wind from the direction of the 
southwest to northwest isobars on the western sides of the 
oceans in consequence of the momentum of the westerly 
circulation. 

Meanwhile, what ha pens to the cold air which has run 
off the land areas? !&at has to be steered about by the 
distribution of pressure in the upper air as modified by any 
special peculiarities of temperature in the lower regions, 
and all sorts of complications may arise from this cause. 
So far as it goes, its density tends to set up high pressure 
over the regions which it covers, and so to make a slope 
of pressure southward and cause easterly winds on its 
southern side. Whenever in a mass of air temperature- 
fall is in the opposite direction to pressure-fall, great 
change in the horizontal distribution of pressure under- 
neath is the result, and many of our local variations of 
pressure may fairly be attributed to the reactions which 
these cold masses of air offer to the attem t (in the end 

pole from west to east. g y  their eastward motion these 
massea of cold air are always reminding us that if left to 
themselves, without the overpowering guidance of the 

cyclonic circulation may operate to prevent t ?l e pressure 

Hence we may su ose t f at the constant drainage of 

cumpo 9 7  ar cucu ation we displace a part of that circulation 

acter might be realize B in the case of an anticyclonic ridge 

futile) on the part of the u per air to steer t % em round the 

pressure distribution of the upper air, they would form a 
circulation round the pole in opposition to the circulation 
of the upper air, with which they are in perpetual conflict. 

TURBULENT MOTION. 

In  the study which has been the subject of the foregoing 
pa es we have always considered the motion of the air 

the rotation of the earth, escept in regard to the surface 
layer and one other suggested esception when the momen- 
tum of the eneral wester1 circulation was invoked. It 
should here 96 e noted that g y this limitation to what may 
perhaps be called “great circle motion,” we are consider- 
ing almost esclusivel the circulation above that half of 
the earth’s surface w&ch is north of the northern tropic 
and south of the southern one. There is another section 
of meteorology which has to deal articularly with the 

ical revolving storms are to be found. These storms, 
which have a diameter of some hundred miles or more, 
as well as the tornadoes which have a diameter of perhaps 
a quarter of a mile, belong to the subject of turbulent 
motion with which the eddies and whrls that are pro- 
duced 6y obstacles on the surface of the round are also 

important as they sometimes are in real life and death, 
must be treated. in a manner different from that of the 
present coninlunication. 

to B e regulated by a distribution of pressure balanced by 

region between the Tropics, where t R e beginnings of trop- 

associated. All these phenomena of tu r  B ulent motion, 
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BIRKELAND’S THEORY OF THE ZODIACAL LIQEI!.’ 

[Dated Weather Bureau, Washington, D. C., May 1 ,  lQ14.l 

Birkeland finds that several of his experiments a with a 
magnetized, phosphorescent terrella in a large vacuum 
chamber, furnish liheiioniena which serve him as a start- 
iiig point for an esplanation of the zodiacal light and the 
geFenscheiii. 

l he  position of the zodiacal light has now been defi- 
nitely shown to be c!oeely related to the position of the 
solar equator, rising and sinking with it, and is not so im- 
mediately related to the ecliptic as fornier general opinion 
held it to be. One of the most significant, and heretofore 
unesplaincd, characteristics of the zodiacal light is the 
pulsatory chsra.cter of the yariations in its brightness or 
intensity, and in its shape. These pulsato cha es a - 
pear to an observer to be akin to those T T %  s own y t e 
aurora and by t,errestrial magnetism, and have been cor- 
related with ulsatory oscillations in the terrestrial mag- 
netic field. $here is no lack of impeccable observations 
and records of this ulsation in the zodiacal light, witness 

United 8t.ates Esploring Espedition to Japan, and Bkke- 
land at  Halde, haafiord, and Kliartuni. Evidently an 
adequate theory of the zodiacal light must account for 
this feature of it. Birkeland therefore thinks “it very 
probabIe * * * that the zodiacal light must be 
primarily occasioned by electrical phenomena.” 

Birkeland regards the sun as a great magnet, having a 
“magnetic moment of the order loz8 or about 150 times 
as great as that of the eart,h,” and that its magnetic 
equator is essentially coincident with its heliographic 
equator. Further he finds no good reason for supposing 
that the sun’s magnetic axis is not coincident with its axis 
of rota tion. 

writings by Humbo f clt, Birt of Kew, George Jones of the 

~~ 

1 The Norwe ian Aurora Polsrls Expedition, 1W-1903. V. 1, set. 2, chap. 5. Chrb 

2 Dascrlbed iu “The or’ in of worlds.” By Prof. 6. Rlrkdand, &I. h e r .  suppl., 
Noe. 1957,1958. New Yoax, July 5, la. 1919. 
thh. 1913. %. 
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Constant ra of corpuscle-currents composed of atoms, 
molecules, an r electrons are continuously given out by the 
sun, but apparently these rays are of two kinda: (1)  
Those of a somewhat less stiff magnetism, which are the 
rays continually given off by all portions oE the sun but 

robably most strongly froni the neighborhood of the 
geliographic equator; and (2) the very stiff corpuscle rays 
that radiate in short periods from the portions in greatest 
activity, viz, a t  and about the sun spots. The constant, 
less stiff rays, are less penetratiye throu h matter, and 

h e  very stiff r a p  from the sun spots are those which it 
is supposed specially occasion magnetic storms upon our 
earth. 

Birkeland has investigated, esperimentally, the be- 
havior of these corpuscle-rays in the magnetic equator of a 
magnetic globe, and he feels justifled in expecting to find 
that on repeating his previous esperimenk and using his 
la est &charge bos, he will secure a perfectly flat ring 
of F lght 30 centimeters in diameter about the 8-centimeter 
globe. This will be with a difference of tension of only 
700 volts between the globe and the positive pole, and a 
current of 21 amperes. With a low magnetizing current 
the ring is broad and small in estent, and when there are 
slight irregularities in the surface of the globe luminous 
rays are seen proceeding from the magnetic poles in atlcli- 
tion to the luminous ri 0. about the magnetic equator. 
If the surface is highly pkshed there is but the luminous 
equatorial ring. At times this e uatorial ling was dis- 

tric nngs. 
When polar rays were also visible they showed deflec- 

tions equatorward, and the resemblance to the solar 
corona of May, 1901, became rather striking. In this 
connection he proniises to conduct further esperiments 
wherein he expects to secure even more perfect resem- 
blances between experiment and nature. 

Now he finds, mathematically, that- 
If radiation starting from the surface of a ephere in the plane of the 

magnetic e uator, and only subject to the magnetic influence of the 
magnetic f i id  of the sphere, reaches a distance from the center greater 
than 2.414 times the radius to [of] the sphere, the radiation will not be 
able to return to the sphere but will pass on toward infinity. 

This result is independent of the ma netic nionient of 

sphere uniformly maonetized or to  have a magnetization 
which is a function 07 the distance from the center. His 
experiments make it- 
* * * very oeeible from a hysical point of view, that a ring of 
radiant matter%as been fororme$ round the magnetic equator of the 
sun, the dimendons of this ring being greater than those of the earth’s 
orbit. [We are here dealing mth] corpuscular rays of very great stiff- 
new * * * whichpartially consist of atoms and ~ o l e c u l r ~  and not 
mere1 of electrons, thus * * * the radiant matter in thick layers 
is b o d  slightly luminous and capable of absorbing and scattering solar 
light. 

Let us now see how we can ex lain the observed char- 

sun’s equatorial plane there esists a flat ring of radiant 
streams of matter, consisting principally of primary rays 
and streams of atoms from the sun, and perhaps also of 
secondary rays emitted from cosmic dust moving in the 
same plane and which are irradiated by the primary 
beams from the sun. 

This theory resembles somewhat both the exploded one of 
Mairltn (1731) and that now known as the metcoric theory. 
In equal degree it resembles that put forward by Jones 
after discussing his own observations, viz, “the hypothesis 
of a nebulous ring with the earth for its center.” But 

robably come from lesser depths in the so 7 ar atmosphere. 

tinctly divided by a dark circular a and into two concen- 

the sphere and the stiffness of the rays, 5 u t  presumes the 

acteristics of the zodiacal light, I! y supposing that in the 

really Birkeland’s theory combines the advantages of the 
earlier theories and dso  e s  lains phenomena of the 

light, both heretofore unexplained. 
As the earth advances in this assumed ring of radiant 

matter that surrounds the sun, the rnagnetisni of the 
earth will sweep away the corpuscles of radiant matter 
from a space or cavity about it. This cavity is probably 
not the regularly shaped ring supposed by Jones. The 
esperiments with the terrella show how the stream of 
co uscles from the sun will be deflected when they 

esplain the {lightness in the east before sunrise a.nd the 
bnghtness in the west after sunset. In  the latter case, we 
are looking into the deep layem of radiant niatter lying 
in the sun’s magnetic equator where therefore we see 
the brightest glow, and the brightness disappears at  the 

formed where the rays spread out to pass bou aiountl ndal% t e earth or below its rnagnetic equator. 
From analogy with the terrella ex eriments, it may be 

gather into a second sectional line (second line of precipi- 
tation) where, however, their density will be much less 
although still considerable. The concentration in this 
second line is always greatest when the niagnetic nsis of 
the earth (terrella) is perpendicular to the cathode rays, 
but the position of the line is always a.pprosjmatcly on 
the ma netic e uator of the earth and the. brilliant ori in 

lomtion of the cathode (t.lie sun). Brorsen had come 
to the conclusion that a.t both the vernal and the autumnal 
equinoses “the brightest art of the gegenschein is di- 

of the greatest light frequently coincides to a degree with 
the point of opposition to the sun,” and it appears that a11 
accurate work since his confirnu this and other conclusions 
made by him. 

Now, at  the time of the equinoxes the “second sec- 
tional line” of the corpuscle rays passing around the 
earth should be most strongly marked and it would lie 
in the earth’s magnetic e uatorial plane at a point ahout 

near the sun’s e uatoiial plane. At t.his season we shall 

“second line of precipitation,” lined up with the sun’s 
magnetic equatonal ring of radiant matter, and which we 
assume estends beyond the earth‘s orbit. When regard- 
ing this “second line” we see into a considerably thicker 
stratum of the radiant matter opposite the sun, therefore 
perceive more diffused light,; ths increased quantity of 
diffused light along the ‘‘second line. of precipitation” 
may be regarded as the origin of the cgenschein. 

Spectrum analysis of the zodiacal 9 ight shows it to 
be essentially sunlight. Occasionally the auroral line 
is seen superimposed on the zodiacal light s ectrum. 
Birkelnnd, though accepting analogies guarde A’.’, finds 
that the known diffusion of light even on t le very 
clearest clays, and that his own obswvations (see below, 
p. 211) of what hc concluded were daylight auroral rays 
scattering tho sunlight and therefore appearing as pul- 
sating daytime clouds, together with researches into 
optical conditions of electrically luminous gases and va- 
pols by Ladenburg and by Wood, all indicate that t (  there 
is comparatively a very large number of dispersion elec- 
trons [in the radiant solar matter] that can take up and 
be in resonance with the light waves from the sun, and 
that p08 td ly  here, too, thb number of dkpersion electrons is 
proportional to the en~mruyu8 electme current intensity that 

countsrglow (gegenschein), an B pulsations of the zodiacal 

su z ciently a proach the earth, in such a way as to readily 

concluded that after passing around t g e earth the rays will 

of the P Y  iiic is a ways close to the point opposite to %e 

rectly opposite the place o P the sun, so that a cdculation 

180’ from the sun, and a s so somewhat in the ecliptic or 

see the points o 1 intersection of the corpuscle rays, the 
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emunates from f i e  sun in  the manner here assumd.’J It 
is not improbable that the great mass of radiant-matter 
into which we suppose we look when observ iy the  
zodiacal light, is capable of diffusing enough sunhg t to 
produce the luminosity of that phenomenon.-[a. A., jr.] 
5 .:’.:’“ i it’ 

A POSSIBXX CONNECTION BETWEEN YAGNETXC AND 
XETEOROLOGIU PEENOmNA.  

By REISTIAN BIBKELAND. 
m t e d  from Mlpp Jessie H W s  Engltrh text of ‘“Phe Nom IIUI Aurm Polarb 

Expedition, 10Ql-10Q3.pp v. 1, IM section. CMstianls. 10%. p. 440-150.1 

93. If the view we have maintained is correct, namely, 
that the magnetic storms are due to corpuscular rays 
that are drawn in in zones round the magnetic poles, 
where they pass direct1 down into the atmosphere of the 

strata of the atmosphere, must be assumed to roduce a 

atmosphericselectrical measurements were made, which 
will be gone into later on; but it niay be remarked here, 
that the result of these measurements showed that the 
“Zerstreuung” of the air at  those stations averaged about 
twice as much as in Christiania, indicating that the air 
up there is considerably more ionised than in lower lati- 
tudes. In an expedition which I made in company with 
m assistant, Mr. Kro ness, to Kaafiord at  the time when 
d l e y ’ s  comet crossef the sun’s disc in May, 1910, I had 
an opportunity of studying this matter more closely. 

the measurements at  

t h i s  occasion investi ated it a t  my old aurora observa- 

above the sea. Here there roved to be sometimes tre- 
mendous variations. On t R e 20th May, for instance, 
values were found that went up to about 500 times the 
normal. Unfortunately bhe attempt was interrupted 
in the middle of these measurements; but I had an oppor- 
tunity of making insulation-tests twice at that time., 
which proved there was no perceptible leakage. If we 
can demonstrate this circ.umstanoe with certainty, we 
presumably have before us a phenomenon t.hat is closely 
connected with the peculiar light-phenomena that Lem- 
strom discovered in 1552-3 on a mountain-top a t  Sodan- 

There is no doubt that such strong ionisations will have 
8 very great influence upon atmos heric conditions, 

be assumed to be a meteorological factor of no small im- 
portance, especially for the districts in the vicinity of the 
auroral zone. I am of the opinion that this is a very ini- 
portant connectin link between terrestrial-magnetic 

cently submitted to the Norwegian State authorities, a 
suggestion that a permanent u to-date magnetic-meteor- 

of 

upon these interesting and meteorologically important 
matters. 

There was another phenomenon, striking examples of 
which we had the opportunity of seeing on this espedi- 
tion in May, 1910, namely, the formation of what may be 
called auroral clouds. In addition to the usual polar 
bands, which in a clear sky, could very often be observed 

earth, it is clear that t E ese rays, especially in the upper 

strong ionisation in the air. In  our expedition o f 1902-03, 

Instead of, as before, maliin 
places that are at  no great heig 7l t above sea-level, I on 

tory on the top of 8 aldde Mountain, about 910 meteiv 

kylS. 

especially upon the formation of clou (P s, and must thus 

and meteorologica f phenomena. I have therefore re- 

010 ical observatory be esta i- lished upon the to 
Hadde, Y for the purpose, if possible, of throwing Eght 

1 Peuiclen Adam Wokenbildung durch dss Nordlicht (Am einer Mitthellung 
an die k. d h o h e  kkad. d. Wh., 1895.) Mateor. ZtPchr.,‘Wh, 1895, 18.Jhrg. p. 
la-169. 

4 7 6 7 2 - 1 6 2  

in the form of several evenly luminous arcs, of which, 
however, one was especially cons icuous, esactly similar 

tions of cirrus clouds, which exhibited the most erfect 
agreement with various auroral formations. &vera1 
times we had capital examples of the manner in which 
such clouds are formed, how drapery-formations appeared 
in a short time, exactly in the same manner as an auroral 
drapery. The first observer, who has called attention to 
this very interesting fact seems to be Adam Poulson [Paul- 
sen].’ As far as I know, no one has, however, studied this 
phenomenon in connecti’on with simultaneous magnetic 
registrations at the same place. This we had the oppor- 
tunity of doing, and the very interesting fact came out, 
that the formation of these clouds was alwa accompa- 
nied by simultaneous niagnetic storms an F earth-cur- 
rents: and there thus appears to be no doubt that these 
are direct cloud-forming effects of the same rays that 
occur in the auroral phenomena. From this it seems, that 
these cirrus-clouds are direct1 formed by the corpuscular 

form as to this phenomenon is, that the clouds are due to 
water-vapor brought to condensation by the ions formed 
by the impact of negative rays. I t  is, however, also a 
probability that some of the observed (‘auroral clouds’’ 
are not real clouds, but merely a ve strong concentra- 

might appear luminous: in the daytime the concentra- 
tion of corpuscles should have the effect of making the 
laces where they occur lees transparent, and able to dif- 

fuse lifht, and thus become visible. In such a way also 
possib y certain faint polar bands observed in the polar 
regions might be explained. According to circumstances 
these concentrations may disappear, - or perhaps give rise 

to parallel auroral arcs, we very B requently found forma- 

rays which we sup ose to be t E e cause of magnetic storms 
and aurora. The E rst hypothesis that one naturallymight 

tion of corpuscular rays, which in t x e case of darkness 

to real clouds. 1 - -  
( .  . , I = -  

RADIOTRANSMISSION AND WEATIIER.. 

By A. H. TAYLOR. 
[Reprinted from Physical Review, 2d ser. v. 8, May, 1914, pp. 346-352.1 

In  a revious paper on this subject tahe writer submit- 
ted evi a ence which seemed to show that unusually good 
radio transmission across long overland distances at  night 
is preceded the day before by general1 cloudy conditions 

transmission takes place. 
The evidence presented in that paper has been greatly 

strengthened by subsequent observations. In  particular 
it may be mentioned, that out of some 60 cases of ood 

followed a generally cloudy condition over the area in 
case, while of the other 16, a majority have occ.urred 
durin the shortest da s of the year, when the hours of 

relatively few. 
Before discussing the bearing of this evidence on the 

idea of the reflection and refraction of electric waves by 
ionized layers of the earth’s atnios .here, i t  will perha s 

station since Se tember 24, 1913, for evidence of a some 
what different ctaracter. 
In commenting u on the previous paper, the editor of 

prevailing in the region across which t K e nocturnal good 

t.ransmission studied since September 21, 1913, 44 E ave 

sunlig a t in the latitu B e of Grand Forks, N. Dak., are 

be well to esaniine some of the f ata collected at  t &a 

the Electrical Word P suggested that the effects noted 
lElectrIcal World A 30 1813 
I Dr. Eccles. In T i e  E%trician,’&pt. 27,1912, and 8ept. 19,1013. 


